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Specification 

Title of Invention 

Exhaust bnussion Control Syctem for Variable Cylinder S> srem hngines 
Claim{s) 

An exhaust emission control system for a variable cylinder system engine comprised of a variabln 
cylinder system control circuit that shuts off the fuel supply to at least one of the cylinder groups 
comprised of a specified number of cylinders depending on engine load; oxygen sensors and three- 
way catalysts that are provided in the exhaust passages of multiple cylinders belonging to the groups 
of multiple cylinders mentioned above to control the air-fuel raiio when the engine is operated under 
die partial cylinder mode; and on oxygen sensor and a three-way catalyst which are located in the 
merged section of the exhaust passages downstream of the exhaust passages mentioned above to control 
lhft air-fuel ratio when the engine is operated under the full cylindet mode; a unique feature of which is 
that the system is equipped with a switching device that switches the active cylinder group whenever 
the engine operating mode changes from full cylinder mode to partial cylinder mode. 

Detailed Explanation of the Invention 

. This invention concerns the exhaust emission control system uf variable cylinder system engines 
equipped with a vaiiahle cylinder control system that varies the number of cylinders 10 which fuel is 
supplied depending on engine load, and an air-fuel ratio control system tor exhaust emission control, 
whereby the switching is made between the inactive cylinder giuup and the active cylinder group 
whenever the ermine runs under full eylindrr mode; the purpose of which is to Improve the driving 
feeling. 

In general, whenever an engine is operated under a heavily loaded condition, engine fuel economy 
tends to improve. This is the reason for die use of o variable cylinder system for a multiple cylinder 
engine. When it is operated under a light load condition, ihc fuel supply to a partial group of its 
cylinders is shut off so that the load Tor the remaining active cylinder group ran be increased by the 
Inad iwrrcsponding to die inactive cylinders. This results in a relative increase in load per cylinder 
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leading to improvement in die overall fuel economy of the engine. 

On the other hand, there is a system known as an engine exhaust emission control means in which a 
three-way catalyst is installed in the exhaust system, while the oxygen concentration ofrlie exhaust $as 
is detected to achieve feedback control of the aii-fuel ratio to become approximately equal to the 
stoichiometric air-fuel ratio, so that the three-way catalyst can perfoim oxidation of HC and CU as 
well as reduction of NOx at the same time with high efficiency. When this particular exhaust emission 
control system is applied m a variable cylinder system engine, especially under a parrial cylinder mode 
when a partial group of its cylinders is made inactive, the oxygen concentration is the exhaust g03 
becomes excessively high and different from that in the actual active cylinders supplied with fuel This 
results from air exhausted from the inactive cylindea s without combustion, which forces the control to 
decrease the airiucl ratio. 

In ojder to circumvent this problem, oxygen sensui* and 3-way catalysts are installed separately for 
the split exhaust passages, one for the active cylinder group and the other for the inactive cylinder 
group, so that the air-fuel ratio can be feedback-comrnlled independendy of each other group of cy Under* 
while the feedback control i*n be stopped for the inactive cylinder group during the partial cylinder 
mode. 

This system has the problem thai the three-way catalyst in the Inactive cylinder group is entiled 
during the partial cylinder mode by Ac exhaust air. When this partial cylinder mode is continued foi a 
lung time the catalyst temperature becomes lower than the activation temperature needed for catalytic 
reaction, leading to a potential inability to achieve the required reaction efficiency when the engine 
running condition calls for the full cylinder mode. 

In order to address this problem, the inactive cylinder group is aJtermued with the active cylinder 
group during engine operation, instead of being inactive all the time, in such a manner that the u*« 
frequency of the three-way catalyst is nude to be equal between the active *md inactive cylinder groups. 

rhis method, however, requires frequent switching between the cylinder groups depending on the 
relationship with respect to the catalyst temperature, requiring switchovers even during the partial 
cylinder mode resulting in discontinuous combustion relative to the ignition sequence, which leads to 
a porenrial deteriorating driving feeling (shock generation) during the awitehover period. 



In rwdcr to address these problems, this invention is designed to improve the driving feeling of i 
variable cylinder system engine by installing oxygen 3ensors and three-way catalysts at the exhaust 
passages of the active cylinder group and in-aciive cylinder group, and installing a three-way catalyst 
ai.rf an oxygen sensor in the merged section of the sxhoust passage downstream of the exhaust passages 
from the two gro^s of cylinders mentioned «l»ve. In this manner, even during the partial cylinder 
mode, the temperature of the three-way catalyst in the merged passage tan be maintained at an acceptable 
degree rven during the partial cylinder mode so thai the switching between the inactive cylinder group 
and active cylinder group can be made when the engine operation is switched tiom the full cylinder 
mode, during which the driving f ec !j n g bos not deteriorated, to the partial cylinder mode. Next, during 
the partial cyhoder mode, the inactive cylinder group is switched to the active cylinder group la this 
maonei, the system invented herein can provide switching between the active and inactive cylinder 
groups in the multi-cylinder variable cylinder system engine that satisfies both the exhaust emission 
control performance and the smooth driving requirement. 
Explained bolew using drawings arc working examples of this invention 
Ir. these working examples, m electronically compiled 6-cylinder fuel injection engine is used in 
which the number of fttel-supplied cybnders is controlled by the partem indicated in fig. 2. 

In Fig. I, 1 , 3 the engine, la is the intake passage, lb and 1c are the divided exhaust passages fot 
cylinders *I - # and cylinder 64 - 46, respectively, and Id 13 the merger! exhaust passage of these 
two dj vided po&aQts. 

Seated .o exhaust passajjes lb, Ic. and Id are three-way catalysts, 2. 3, and 4. respectively, and 
oxygen sensors, 5, 6, and 7. tespectivcly. The output* from oxy K en senso.s 5 ~ 7 arc. as indicated i 
Fig 3. sent to a fuel injection control circuit (BGI circuit, hereafter). II. through on air.fuel 
control circuit, 17. from a switching circuit, 16, as the air-fuel ratio correction signal As explained 
later, the air-fuel ratio of the air-ruel mixture supplied to the engine is feedback controlled to be 
approximately equal to (he stoichiometric air-fuel ratio. 

EU circuit 1 1 described above outputs the fuel injection signal simultaneous wtth the engine rpm 
having a pulse width corresponding essentially to the mtoke airflow thai i, based on outputs from 
engine inraka air flow rale sensor 9 and engine speed sensor . 0. This output si«nal is corrected by the 
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feedback signal, mcntionml almve. before it it supplied to fuel injection valve 13 for 9 1 - $3 cylinders 
and fuel injection valve M for $4 -96 cylinders through the variable cylinder system control circuit 
(VCS circuit, hereafter). 12. 

VCS circuit 12 mentioned ebove performs die control function, as indicated in Fig 2. in such a 
manner that it selectively shuts off the fliel supply to cylinders <t>l - 63 or to cy linders ii>4 - 66 under a 
light engine load condition, and supplies fuel to all cylinders (6 cylinders) under a heavy load condrtton. 
The status-quo region (in Fig. 2) represents the hysteresis region for preventing hunting during the 
period when the cylinder groups arc switched over. 

Based on the signal from the throtde switch, ». the foil cylinder mode restoration rpm is decreased 
from No to No" during the time the throttle valve is folly closed- 

VCS circmt 12isconfi S ui«iasmatshowninFig 4. In this figure, 25 and 26 pulse width comparators, 
which compare the output of comparison standard voltage generator 27 for a heavy load (P^) and the 
output of comparison standard voitoge generator 28 for a light load (P ttl ). w>th the output of the foci 
injection pulse signal, P w> If the latter is greater than the respective standard values, VCS circuit 12 
outputs the high level signal. Aflip-flo t ,, 33. permits input of ibeourpurof comparator 23 to the 
J-terminal, and input of the output of comparator 26 to the K -terminal through a sign iovw ter, 29. so 
that the sign of these outputs are change! The number of cylinders is determined based on the output 
of flip-flop 33. In pimple, output Q becomes -1" for the ft-cylinder^gnal when P^P,*, ami output 
Q becomes M" for the 3-cylindar signal wlienP^xP^. 

A comparator, 31. to which the voltage. V N . eoircsponding to the engine rpm is input through an F- 
Vconvener (frequency-voltoge converter), 30, compares the V N will, output V w from the , pm liandard 
voltage genmior. 32. Hit is found that V W >V„ "1" .$ input ro the S-termmal (set terminal) of fop- 
flop 33 so that output Q „ restored to "1" for me 6-eyunder operarion irrespective of pulse width P*. 

in additioo, rite rpm standard voltage operator 3 2, when the "fully dosed" signal is input from 
throtde .witch 8. switches Its generated standard voltage from V M to V vo ' causing me ,„,„ for ^ 6 . 
cylinder restoration to decrease further. 

Flip-flop 34 is designed to switch the macrive cylinder group over to the group consisting of 9 1 ~ 93 
cylmders or to foe gro,,,, consisting of 01 - 96 cylinders every time the running condition becomes the 



6-cylindei mode. Evory time output Q of flip-flop 11 mentioned above becomes "1," outputs Q and 
Q are mutually inverted in sudi a manner that if one becomes "I." the other becomes "0." By forcing 
outputs Q and Q to be input to the "AND" circuits, 35 and 36. the s ,nup of inactive cylindcrj, for 
which the fuel supply is cut-off, is switched. When the output of 0 of flip-flop 33 becomes "I." either 
outputs Q or Q of flip-flop 34. whichever outpurs me signal "I," opens the gate. This leads to the 
sending of I" tor the 3-cyliodrr signal to the normally dosed analog switches (normally dosed relay). 

37 or 3*. to open the relay contact point 

Analoa -witch 37 is insetted into the circuit that provides the fuel injection signal to fuel injection 
valve 13 for 01 - 03 cylinders, while analog switch 38 is inserted into the circuit that provides die fuel 
injection signal to fuel injection valve 14 for 0* - <p6 cylinders. 

Consequently, since output 5 of flip-flop 33 is "0." during the 6-cylinder operation, both analog 
switches 37 and 38 are in the suae in which the relay contact points ate closed. If. however, the 3- 
cylinder signal T is output as ouiput Q. the relay comact point of either one of analog switches 37 or 

38 is aimed off. causing the operation of either the o! - o3 cylinder g , oup or the 04 ~ «p6 cylinder 
group to become inactive. 

As explained earlier, this switching is achieved only during the 6-cylinder operation because outputs 
Q nnd Q arc inverted to open either one of the gates for the AND circuits 35 or 36 alternately evrry 
t- me flip-flop 34 inputs - 1 - which is the 6-cylinde, signal for output Q nf flip-flop 33 in the previous 



Next, the variable cylinder system control signals, a and b. from VCS circuit 1 2 are input to a delay 
circuit 15. deplctad in Fig* 3 and 5. to activate switching circuit 1 6 for the outputs of oxygen sensors 
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Here, the normally cl.,sed analog switches {normally c | os «i relays), 39 and 40. and M and 42. i„ 
™*»8«-'Cuitl«Hmt^ 

being that switd.es 39 and 42 will be turned on when signals "a" and "b" become "O," because of the 
presence of sign inverters, 43 and 44.) 

Consequently when the variable cylinder signals "a- and b" mentioned above are input u> switching 
drcui, 16 through delay circuit 11 aftei a specified time delay, rhc output of oxygen sensor 5 or 7 is 



selected corresponding to these signals before being input to comparator 18 in air-fuel ratio control 
circuit 17. 

Specifically, since variable cylinder signal 'V is "V when cylinders gl - $3 axe inactive, analog 
switch 40 is turned off while switch 29 is turned on At the came rime, since variable cylinder signal 
"a" is #4 0," analog switch 41 is turned on and switch 42 is turned off, causing the output uf oxygen 
sensoi 5 to be sel acted to perform feedback control of iho air-fiiel ratio, which is explained latei, for *4 
- 1(16 cylinders. 

Similarly when cylinders 04 ~ $6 are inactive; analog switches 40 and 41 arc turned on lo perform 
feedback control of the air-fuel ratio for cylinder* <t>l - 43 based on the output from oxygen sensor 6 
fo? cylinders 01 ~$3. During the full cylinder operation, only analog switch 42 is turned on to perform 
feedback control for all cylinders based on the output of oxygen sensor 7 located in merged passage 
Id 

The reason a specified time delay is provided foi switching the outputs uf oxygen sensors 5-7 is to 
take into consideration th« lime needed for the combustion .gas to reach oxygen sensors 5-7 during 
ihe cylinder switching oeriod. If switching circuit 16 is activared simultaneously with th* cylinder 
switching, although momentarily, there is a possibility that the oxygen concentration of the exhaust 
gas from the inactive cylinders will be detected. This would lead to creating a potential risk of causing 
confusion in the feedback control as indicated earlier. The time delay assures that this problem will be 
prevented from occurring. 

Next, air-fuel ratio control circuit 17 is designed to output an air-fuel ratio correction signal m EG1 
circuit 1 1 mentioned earlier based on the output of oxygen sensors 5 ~ 7 so that the feedback ennuoi is 
performed to obtain an air^fuei ratio close to the stoichiometric air>fuel ratio. 

Number 19 represents a standard voltage generator that outputs the standard voltage corresponding 
to thertoichiometric nir-fuel ratio, while number 1 8 is a comparator ihax compares this standard voltage 
with the output of the oxygen sensors memicmcd above. Number 20 represents a correction circuit that 
output* a correction signal based on deviation of the outputs of comparator lg and the established 
standard signal. Number 22 represents, as described later, a clamp (phon) circuit in hold the output 
value at a constant value by interrupting the Feedback control based on the outpuis of monitor circuit 
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11 that dei ci mines the output condition of the oxygen sensora. and based on the full throttle signal 
from full thrntde switch 24. or based on th: fuel-cut signal durins deceleration In addition, monitor 
circuit 21 activates damp circuit 22 |o interrupt the feedback control as mentioned above when the 
temperatures of oxygen sensors 5-7 become too low to genwate an appropriate output, or when the 
Stan signal is received from the starter switch, 23. 

With the configuration explained ahuve. when cylinders ,» ~ *3 ore active, air-fuel ratio feedback 
control is ^.formed based on the output of oxygen sensor 6. which permits fuel injection valve 13 to 
inject fuel so thai an air-niel mixture dose to the stoichiometric value can be supplied to cylinders «1 
- 03. 

Consequently, iWway catalyst 3 can achieve high efficiency oxidatoon of HC and CO as well as 
reduction of NO* at the same time. 

For the other rim*** catalyst, 2, during diis penod, sioce the exhaust air from cylinders 04 - *6 is 
flowing into il. there is a possibility thai its temperature might decrease. But, for three-way catalyst 4 
located downstream, smce the mixruie of the combustion exhaust gas from cylinder* 01 - ,3 and the 
^n-wmburionexWgasfwmcy^ 

relanvely lower than that of three-way catalyMj located upstream Asaresult. whm the engine operation 
is lifted to thefull cylinder mode, and ev*n Wten the reacrionofthree-wv catalyst J &. cylinders 04 
• 06 is low, rfnee-way catalyst 4 in merged passage Id can instantly achieve a bigrUy efficient reaction. 

Needless to say. feedback control of the air-fuel ratio can be adneved at the same time based on the 
output of oxygen sensor 7 located in merged passage I d. 

Moreover, sin.* cylinder group switch,,* is performed for every 6-cylindcr operation, when it .3 
followed by th B 3.cyl m dcrop^o*^^^ 

becomes *u«ve while th. group consisring of cylinders 9 1 - 93 becomes mactive. 

Sinc,cylmderroupswitcMngi $ p^ 
lasts for a very long time, mere is almost no possibility tha, ft. temperatures of upsrrea.n three-way 
catalysts 2 or i will decrease significantly. 

Mo.«rrver. during me full cylimfe, operation, the purified, (reaction) of harmful components in 
*• exhaust gas takes place no, only m downstream thre*-way catalyst 4, but al«, i„ up Stream ttree _ 



woycatalystsiaudl TlusacBudly ^ulhiaaauiriced decree in the load on three-way catalyst 4. 
which permits decreasing the capacity of duee-way catalyst 4. 

Next, Ac working example shown in Fi«. 6 i, , system in wmch .he generated voltage is switched 
by inputting variable cylinder signal V tu staD dard voltage ^„ aW , j, jn $uch a ^ ^ 
targe, air-foel rado for feedback control during the 3-cylimW operation is slightly lower than the 
stoichiometric air-fad ratio. 

In addition, the workmg example shown i„ Fig. 7 i 3 a system in which upstmam oxygen sensors 5 
and 6 era earning. ^ ratio feedback ^ Jfi intemjpted ^ ^ 

and the specified air-fuel tario * set at a „*«,« ffl ati, sJighdy lowe, man the stoiehiomet.icair.fucl 
rano. Inorder u> achieve thts control, the fcedback control is in^rupttd^itisswiatedtoarich 
air fuel ratio when variable cylinder control signal 'V is input to a clamp circuit. 22'. 

In all of these waking examples, «h. * fuel rano is set slightly lower than the smirJdometric 
value to achieve NO* reduction efficiency of me upstream threes C8taly3ts 2 ^ 3 * hil>h „ 

sufficen, amount of oxygen at three-way eaul^t 4 « the merged which leads ,o further 

improvement or exhaust emission control efficiency. 

A, explained above, accordmg to this invention. j t is no longer necessary to switch the cylutdcr 
groups during partial cylinder operation, which tends to worsen d.e driving feeling, raring iu 
.mprovement in drivi,,, performonca Thereto another outtnmding effect thanks to the ac,iv ily 
otth. three-way ^l ystplacsdiarbt ^ exhaust passage, of prevent temporary deterioration 
of the exha„ sl charac«ristics mat tend to occur when the .ngine operation ,s switched fnm, ,h, 
partial cylinder mode to the full cylinder mode. 

Brief Explanation of Drawings 

« 8 . I isan approximate^ vtewofthi^venuon. Fig 2 explain the variable cylinder control 
PH-m. P,g. 3 is , block diagram of the variable cylinder system for workin* sample No , ^ 
F.g. 4 » a block diagram of its l iable cyhnder system ci.euit Fig. 5 ,s a block diagram of the 



of this; invention. 

I. • Fngixie Body 

lb and k\ . . Exhaust Passage 
Id. . , Merged Exhaust Passage 
2, 3, am] 4. . . Three-Way Catalysts 
5 , 6 t and 7. . . Oxygen Sensors 

II. . . Fuel Injection Control Circuit 
12... VCS Circint 

15. . . D*lay Circuit 

16. . . Swi renins Circuit 

17... Air-Fuel Ratio Control Circuit 

Patera Applicant: Nissan Motor Company, Lid. 
Agent Patent Attorney . Masayoahi Goto 
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